The new approach for designing a horizontal metal organic halide vapor phase epitaxy (MOHVPE) reactor chamber is proposed. The model is conjugated with comprehensive detailed simulation for horizontal tube reaction chamber by using computerized software. The modeling approach is based on the hybridization of MOCVD and HVPE. The development consists of 5 inlet nozzles with dimension of 54 cm long. The numerical study of horizontal MOHVPE growth shows dependence on temperature and species flow rates. The inlet area is set to room temperature while the whole chamber is set in the temperature range from 1273 K to 1473 K. It is seen that the flow pattern is influenced more by the temperature distribution and geometry of the chamber.
Introduction
Over the last few decades, there was a substantial appeal on the growth of gallium-nitride (Ga-N) based alloy for high performance optoelectronic devices such as blue/violet laser diode (LD), blue/white light emitting diode (LED) etc [1] . In addition with unique physical properties of these optoelectronic devices, they also have temperature requirements, i.e., they should have functionality at high temperatures [2] . The chamber design plays an important role in the production system of Ga-N based semiconductor materials. Engineering design is the process for devising a system or component to meet the desired needs [3] . It is a decision making process in which the basic science, mathematics and engineering are applied to convert the resources into the required component through some alteration and optimization.
In the recent years, there were revolutionary changes in semiconductor field. The theoretical changes were attributed from the experimental results where modeling was vastly used for the design of equipments [4] . This is because the cost of equipments is one of the major burdens in semiconductor processing. In conjunction with reactor design, several studies have focused on the simulation for optimizing the flow pattern to produce uniformity in the system [5] . This process constitutes an important technology for manufacturing thin solid film in the semiconductor industry [6] . To address these issues, a new development called metal organic halide vapor phase epitaxy (MOHVPE) reactor has been proposed in this study.
Modeling
The proposed schematic diagram of the growth chamber in metal organic halide vapor phase epitaxy (MOHVPE) reactor is presented in Fig. 1 . Based on the previous design of MOVPE and HVPE reactors specifications are identified for the new modeling of MOHVPE reactor having horizontal duct. This modeling of the reactor was performed in a computer aided software tool named SOLIDWORKS (Version 2011). The design was based on two dimensional (2D) and three dimensional (3D) models where atmospheric pressure was assumed inside the reactor in order to overcome the computational time. This proposed design is consisted of five nozzle inlets having length of 6 cm each arranged in a horizontal position as it can be seen in Fig. 2(a) . There are 3 substrate holders which are used to observe the uniformity and to investigate the effect of geometry during the flow as shown in Fig. 2(b) . The nozzle inlets are divided by long beam plate to prevent the mixing of gases before entering the chamber area as it is presented in Fig. 2(c) . 
Simulation of Flow Pattern in MOHVPE Growth Chamber
Computational simulation of the reactor geometry was conducted by using CFD/SOLIDWORKS flow simulation software [7] . The main objective of this simulation is to predict the performance of the proposed reactor in terms of flow pattern. Before setting up the model the following assumptions were made: (1) laminar gas flow; (2) Newtonian and in the continuum region; (3) inside wall of the reactor has non-slip boundary and adiabatic except for the walls representing the susceptor and furnace which have the temperature as set in the parameters of the simulation. At first, five high quality intake inlet nozzles were assigned at every inlet zones in the reactor chamber. The gases involved were N 2 , H 2 and NH 3 which flow constantly inside the growth chamber as main gases. The design of the chamber was the basis for FEM analysis and its volume was divided into a mesh in order to perform the finite element analysis. For an accurate result, a triangular mesh was utilized [8] . The minimum element size of the mesh was 150 nm and the middle holder is stress out in observation as seen in Fig. 3(a) and 3(b) . 
Results
The results were collected from the surroundings of the outlet located at 24 cm, 34 cm and 44 cm away from the inlet nozzle of the substrate holder. For initial run, the temperature was set to 1473 K for each inlet and the gas flow rate was maintained at 0.25 m/s. After entering the reactor, the gasses eventually reached to the temperature of the surrounding wall with no radioactive heat transfer. The flow of the gas was measured after it reached to the target temperature as it is shown in Fig. 4(a) . The second temperature was set to 1273 K. It was strengthened by the optimum gas flow along the distance of the chamber. The middle holder was 24 cm away whereby it will flow directly without overspread before arriving uniformly inside the chamber as seen in Fig. 4(b) . While the increase in gas velocity decreases shortly exactly after the inlet, is related to the rapid increase of the gas temperature due to density decrease which corresponds to gas heating. 
Advanced Materials Engineering and Technology
Gravity is an important factor that influences flow patterns of the gases and thus the growth rate and uniformity in a metal organic halide vapor phase epitaxy (MOHVPE) reactor [9] . Gravity not only causes non uniform films [10] but also produces recirculation in the flow pattern which in turn causes memory effect. For improving film uniformity of wafer as well as obtaining sharp interfaces, horizontal reactors are more applicable compared to inverted reactor. This is because different situation exists in the horizontal reactor due to the absence of gravity. In inverted reactor a potential exist between the carrier gas and growth species as it can be seen in Fig. 5 . Another important parameter that affects the flow pattern of the gases is the diffusion coefficient. Simulations based on these parameters should be also established to obtain the minimum reactor chamber length for achieving perfect mixing of reactants. From the above observations it can be seen that at high velocities the inlet mass flow mostly reacts at the tip of inlet nozzle after the gases enter to the chamber. 
Conclusion
The fundamental reaction transport model shows the influence of the reactor geometry for two different processes in a single reactor. A newly develop horizontal metal organic halide vapor phase epitaxy (MOHVPE) reactor has been designed and simulated by using 3D model. This modeling of flow was simulated by SOLIDWORKS Multiphysics software. The simulation was based on the modification of different parameters at each stage. The reactor design presents a stable gas mixing system that can be used in long term to point on the substrate. By using the simulation it is also possible to design the mask for selective area. Optimization of the reactor design is necessary for the growth of thick layer which is in demand for future investigation in the semiconductor industry. This also assists to study the effect of reactor geometry without making a real prototype which can be time consuming. Further studies show that small changes in reactor geometry such as the holder substrate, acquires reasonable uniform growth with the effect of long chamber. Accurate temperature distribution calculation is very critical in this study since both diffusion processes are strongly affected by the temperature.
